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(57) ABSTRACT 
There is disclosed an information retrieval system which 
eliminates inconveniences associated with using a plurality 
of databases at the same time. A target database-extracting 
device extracts databases containing data as narrowing con 
ditions. An integrated information retrieval device integrates 
data separately added to identical records in a plurality of 
databases in response to retrieval conditions input, and 
retrieves records matching the retrieval conditions based on 
integrated information of the data. A Systematic information 
retrieval device is responsive to a Systematic information 
retrieval command in which a particular record is desig 
nated, for retrieving, from the databases, other records 
Systematically close to the designated particular record. A 
retrieval result display device displays results of the retrieval 
by the integrated retrieval device and results of the retrieval 
by the Systematic information retrieval device. 
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DATABASE RETRIEVAL SYSTEMAND 
COMPUTER-READABLE STORAGE MEDIUM 
STORING A PROGRAM FOR DATABASE 

RETRIEVAL 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a database retrieval 
System and a computer-readable Storage medium that Stores 
a program for database retrieval, and more particularly to a 
database retrieval System that retrieves information from a 
plurality of databases and a computer-readable Storage 
medium that Stores a program for retrieving information 
from the databases. 

0003 2. Description of the Related Art 
0004. Many researchers of natural Science usually 
develop their study with reference to existing data or data 
accumulated heretofore. Especially, in the field of chemistry, 
reference is often made to physical properties of an immense 
number of Substances to create a compound having new 
properties. To carry out efficient research in the development 
of a new material, databases Storing information concerning 
physical properties of Substances are frequently used. 

0005 These databases include in-house databases devel 
oped by researchers or users of research laboratories, and 
databaseS provided by database Vendors. These databases 
differ in contents of data Stored therein. For instance, there 
can be a case where one database contains only values of 
electric conductivity and refractive indexes of Substances. If 
the user wishes to obtain information concerning transpar 
ency and permittivity of the Substances, he has to retrieve 
information from another database. Therefor, it is necessary 
for one research organization to use Several databases. 
Further, the environment required for each Search and 
retrieval varies from database to database, and hence the 
user utilizing a plurality of databases is required to Selec 
tively set up a Suitable environment database by database. 
0006 To carry out retrieval of information from the 
different databases, query expressions are prepared for the 
respective databases and the retrieval of information is 
carried out using these expressions. Results of the retrievals 
obtained from all of the required databases are manually 
arranged in order to obtain a comprehensive listing of results 
of the research being performed. 
0007. However, it is an extremely time consuming opera 
tion for the user to prepare query expressions and arrange the 
results of the retrieval in order. Moreover, databases may not 
Store a comprehensive Set of the values of physical proper 
ties required by the user. This presents the following prob 
lems for the user: 

0008 First, when data stored on several databases in a 
manner spreading thereacroSS is narrowed down by a query 
expression to obtain necessary information, data that ought 
to match the query expression if the data were Stored in a 
Single database can be left out of the results of the query. Let 
it be assumed, for instance, if one database contains data 
concerning electric conductivity and refractive indexes of 
Substances while another database contains data concerning 
refractive indexes and thermal conductivity of Substances. 
When the Search is carried out by the query expression, 

Aug. 9, 2001 

“electric conductivity”. AND (a logical multiplication) “ther 
mal conductivity, the query will return no data because 
neither database contains information fulfilling both 
retrieval conditions. Therefore, it is impossible to obtain 
information fulfilling both of the two conditions of “electric 
conductivity” and “thermal conductivity” from the separate 
databases. 

0009 Second, when the database does not store the 
Specific data needed by the user, there is no available means 
to predict values for the data. For example, if data for 
electric conductivity of a Substance is missing, it is possible 
to predict the electric conductivity of the Substance using 
electric conductivity of another Substance having similar 
physical properties. However, information documenting the 
Similarities between the Substances that can be used in 
making this kind of prediction is So diverse that it is difficult 
for individual users to determine the required Similarities. 

SUMMARY OF THE INVENTION 

0010. It is a first object of the invention to provide a 
database retrieval System that Solves the problems encoun 
tered when a plurality of databases are used in combination. 
0011. It is a second object of the invention to provide a 
database retrieval System that is capable of providing data 
for reference Such that missing data can be predicted. 
0012. It is a third object of the invention to provide a 
computer-readable Storage medium Storing a database 
retrieval program that is capable of Solving the problems 
encountered when a plurality of databases are used in 
combination. 

0013. It is a fourth object of the invention to provide a 
computer-readable Storage medium Storing a database 
retrieval program that is capable of providing data for 
reference Such that missing data can be predicted. 
0014) To attain the first object, according to a first aspect 
of the invention, there is provided a database retrieval 
System for carrying out information retrieval from a plurality 
of databases, comprising integrated information retrieval 
means responsive to retrieval conditions input, for integrat 
ing data Separately added to identical records in a plurality 
of databases and retrieving records matching the retrieval 
conditions based on integrated information of the data. 
0015 To attain the second object, according to a second 
aspect of the invention, there is provided a database retrieval 
System for carrying out information retrieval from a data 
base, comprising Systematic information retrieval means 
responsive to a Systematic information retrieval command in 
which a particular record is designated, for retrieving, from 
the database, other records Systematically close to the des 
ignated particular record. 
0016 To attain the third object, according to a third 
aspect of the invention, there is provided a computer 
readable Storage medium Storing a program for retrieving 
information from a plurality of databases, the program 
controlling a computer to function as integrated information 
retrieval means responsive to retrieval conditions input, for 
integrating data separately added to identical records in a 
plurality of databases and retrieving records matching the 
retrieval conditions based on integrated information of the 
data. 
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0.017. To attain the fourth object, according to a fourth 
aspect of the invention, there is provided a computer 
readable Storage medium Storing a program for retrieving 
information from a database, the program controlling a 
computer to function as Systematic information retrieval 
means responsive to a Systematic information retrieval com 
mand in which a particular record is designated, for retriev 
ing, from the database, other records Systematically close to 
the designated particular record. 

0.018. The above and other objects, features and advan 
tages of the present invention will become apparent from the 
following description when taken in conjunction with the 
accompanying drawings which illustrate a preferred 
embodiment of the present invention by way of example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.019 FIG. 1 is a diagram showing the principle of a 
database retrieval System according to the invention; 
0020 FIG. 2 is a diagram showing a classified table of 
Substances, 
0021 FIG. 3 is a diagram showing the whole arrange 
ment of the database retrieval System according to an 
embodiment of the invention; 

0022 FIG. 4 is a diagram showing a data storage table 
111; 

0023 FIG. 5 is a diagram showing a data storage table 
121; 

0024 FIG. 6 is a diagram showing an item-table lookup 
table; 

0.025 FIG. 7 is a diagram showing an inter-DB lookup 
table; 

0.026 FIG. 8 is a diagram showing a primary storage 
table; 

0.027 FIG. 9 is a diagram showing a secondary storage 
table; 

0028 FIG. 10 is a diagram showing a substance classi 
fication table; 

0029 FIG. 11 is a diagram showing a retrieval condition 
designating Screen; 

0030 FIG. 12 is a diagram showing a retrieval result 
display Screen; 

0.031 FIG. 13 is a flowchart showing an integrated 
information retrieval process, 

0.032 FIG. 14 is a flowchart showing a systematic infor 
mation retrieval process, 

0.033 FIG. 15 is a diagram which is useful in explaining 
the advantages of integration of databases, 

0034 FIG. 16 is a diagram showing an example of 
information retrieval Separately carried out on a plurality of 
databases Storing data of physical properties of Substances, 

0.035 FIG. 17 is a diagram showing an example of 
information retrieval carried out on the databases Storing 
data of physical properties in an integrating fashion; 
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0036 FIG. 18 is a first diagram which is useful in 
explaining the advantage of the Systematic information 
retrieval; 
0037 FIG. 19 is a second diagram which is useful in 
explaining the advantage of the Systematic information 
retrieval; and 
0038 FIG. 20 is a third diagram which is useful in 
explaining the advantage of the Systematic information 
retrieval. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0039. The invention will now be described in detail with 
reference to drawings showing a preferred embodiment 
thereof. 

0040. Referring first to FIG. 1, there is illustrated a 
principle of a database retrieval System according to the 
invention, which retrieves information from a plurality of 
databases 11 to 13 storing different contents of data. 
0041 Target database-extracting means 1 is responsive to 
retrieval conditions input, for extracting databases contain 
ing data that are to be narrowed down for information 
retrieval. For instance, assuming that the databases 11 to 13 
Store data of values of various physical properties of Sub 
stances, if a retrieval condition of "3<electric conductiv 
ity.<6' is input, the target database-extracting means 1 
extracts only databases Storing data of electric conductivity 
to retrieve information therefrom. This makes it possible to 
carry out efficient retrieval of information without wasteful 
processing operations. 
0042 Integrated information retrieval means 2 integrates 
data separately added to Substantially identical records in the 
databases 11 to 13, and retrieves records matching retrieval 
conditions from the databases based on the integrated data. 
0043 Systematic information retrieval means 3 retrieves, 
in response to a Systematic information retrieval command 
in which a specific record is designated, another record 
Systematically close to the designated record. 
0044) Retrieval result display means 4 displays results of 
an information retrieval carried out by the integrated infor 
mation retrieval means 2 in response to inputting of retrieval 
conditions, and results of a retrieval carried out by the 
Systematic information retrieval means 3 in response to a 
Systematic information retrieval command, on a Screen of a 
display device. It should be noted that in this screen there is 
provided an area for Selecting a record to be retrieved, and 
a Systematic information retrieval command designating the 
record Selected from this Screen can be input to the System 
atic information retrieval means 3. 

0045 When the user inputs retrieval conditions to the 
database retrieval System, the target database-extracting 
means 1 extracts target databases to be searched for infor 
mation. Then, the integrated information retrieval means 2 
integrates data of the target databases, and retrieves records 
matching the input retrieval conditions (e.g. Substances 
having predetermined values of physical properties). Results 
of the retrieval are displayed on the Screen of the display 
device by the retrieval result display means 4. 
0046) This enables the user to retrieve information from 
all the databases to be searched, by inputting a single Set of 
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retrieval conditions. What is more, the retrieval process is 
carried out using the integrated data of the databases, it is 
possible to retrieve data which can not be retrieved if the 
databases are Searched individually or separately. 
0047. If a retrieved record has missing data, and the user 
necessitates the missing data, inputting is carried out to 
execute a Systematic information retrieval by Selecting the 
record. In response to the input, the Systematic information 
retrieval means 3 retrieves a record Systematically close to 
the designated record. Results of the retrieval are displayed 
on the screen of the display device by the retrieval result 
display means 4. 
0.048 Thus, information or data of a record systemati 
cally close to the required data of the designated record is 
displayed for reference, which enables the user to predict the 
missing data or value of the designated record from the 
information of the Systematically close to the record dis 
played. 

0049. It should be noted that systematic closeness 
between records can be represented by a degree of Similarity 
between information of the records. The method of deter 
mining a Systematic Similarity will be explained by taking 
polymers as an example. 
0050. To determine a systematic similarity, first, a degree 
of Similarity is calculated by comparing Substances with 
each other. In the case of polymers, Substances can be 
classified according to a plurality of methods. Therefore, if 
Substances are classified into an identical class by the same 
classifying method, they are determined to have a similarity. 
More Specifically, the degrees of Similarity are expressed in 
numerical values by using a classified table of Substances. 
0051 FIG. 2 shows a classified table of substances. This 
table contains items of classification and classified Sub 
stances corresponding to the respective classified items. 
0.052 In the illustrated example, the substances are clas 
sified by the four classifying methods, “classification 
according to generation,”“classification according to Struc 
ture,”“classification according to monomer composition and 
a manner of combination of monomers' and “classification 
according to Synthesis method.” Some classifying methods 
classify the Substances in a hierarchical manner. For 
example, a class “copolymer' in the “classification accord 
ing to manners and a manner of combination of monomers,” 
is further divided into subclasses of “random copolymer, 
“alternating copolymer,”“graft copolymer” and “block 
copolymer.” 

0.053 Now, the degrees of the similarity of substances to 
a substance A will be considered. When the attention is paid 
to “classification according to generation, the Substance A 
and a Substance C belong to the same class, and hence have 
a similarity. Therefore, the similarity between the substance 
A and the Substance C gains one point. Then, when the 
attention is paid to "classification according to structure,” 
the Substance A and the Substance B belong to the same 
class, i.e. has a Similarity. Therefore, the Similarity between 
the Substance A and the Substance B gains one point. Further, 
when the attention is paid to “classification according to 
monomer composition and a manner of combination of 
monomers,” the Substance A and the Substance B belong to 
the same class, i.e. has a similarity. Therefore, the Similarity 
between the Substance A and the Substance B gains one 
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point. As a result, the Similarity between the Substance A and 
the Substance B gains two points. The “classification accord 
ing to Synthesis method” gives no Substances belonging to 
the same class. Therefore, the similarity between the Sub 
stance A and the Substance B has two points, and the 
Substance A and the Substance C has one point, So that the 
Substance B is the most similar to the Substance A of all the 
Substances. 

0054 Thus, points of similarity between every possible 
combination or pair of all Substances are determined. Now, 
let it be assumed that the similarity between two substances 
(Substance i and Substance j) is equal to et 
0055 Next, the multivariate analysis is applied to the 
above Similarity and projects results of the analysis onto a 
coordinate System to thereby rank the Substances in the order 
of Similarity. More specifically, all the Substances are given 
respective positions in one-dimensional System whereby the 
Similarities between Substances are represented by distances 
between the positions (coordinates) of the Substances on the 
one-dimensional coordinate System. The relationship 
between the positions of the Substance i (coordinate value 
O) and the Substance j (coordinate value C) on the one 
dimensional coordinate System is expressed by a numerical 
value obtained by the following expression: 

-(o-Cl)” (1) 
0056 The numerical value obtained by the expression (1) 
is called “similarity in terms of distance.” 

0057 To obtain the coordinate value C, it is only 
required to increase the correlation between the et and the 
expression (1) to a highest degree. For simplicity, the 
following description is made on a case where four Sub 
stances are ranked in the order of Similarity. 

0.058 First, from the definition of a coefficient of corre 
lation, the coordinate Values C., C2, Cs, and C. are deter 
mined such that the inner product Q of vectors of the 
similarity ei (e12, e13, e14, e23, e2, e3) and Vectors of 
Similarity in terms of distance becomes the maximum: 

Q=-e12(C1-Cl2)’-e13 (C.1-Cls)°-e14(c.1-C4) -es (C-2- 
2 2 Cls)°-e (C-C) -es (cis-c.)? (2) 

0059) However, if each C is multiplied by k, the value Q 
becomes multiplied by k, which means that the value of Q 
can be increased to any larger value. Therefore, the follow 
ing conditions are given: 

0060. This converts the above equation into the con 
strained extreme value problem to which the method of 
Lagrange's multiplier can be applied. 

F = -e12(a - Q2) - e13 (a - Q3 - e14 (a - a.4)- (4) 
2 2 2 e23 (a 2 - a 3) - e24 (a 2 - a 4) - e.g4 (C3 - a 4) - 

0061. In the above equation, F is partially differentiated 
by C., C, C, and C. and the results are set to 0 (0. represents 
an eigenvalue), whereby the following equations (5) to (8) 
can be obtained: 
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3F (5) 
a 2-e12(a - d.2) - e13 (a - a.3) - e14 (a - a.4) - a = 0 
d 

3F (6) 
a 2{e12(a - a.2) - e23 (O2 - a 3) - e24(O2 - a.4) - a 2 = 0 
O2 

3F (7) 
2{e13 (a - a.3) + e23 (O2 - a 3) -es (as - a.4) - as = 0 

C3 

3F (8) 
2{e14 (a - Q4) - e24 (0.2 - Q4) + e34 (a 3 - 04) - a 4} = 0 

C24 

0062) When these equations are rearranged by using the 
coordinate values C, C, C, and C., the following Simul 
taneous equations can be obtained: 

0063 The simultaneous equations (9) can be expressed in 
the following matrix: 

f3 = -e12 - e13 - e14 - (10) 
f32 = -e12 - e23 - e24 
f33 = -e13 - e23 - e.g4 - 

f3 e 12 e13 e 14 a 
e12 B2 e23 e24 a2 
e13 e23 f33 e34 a 3 
e14 e24 e34 f54 a 4 

0064. Therefore, the above extreme value results in an 
eigenvalue problem of a Symmetric matrix, from which the 
eigenvalue 2 can be determined. In this case, there are 
obtained a plurality of values of the eigenvalue 2. 
0065 Now, from the equations (4) to (8), there is 
obtained the following equation: 

0.066 From this, it is understood that the maximum value 
of F, i.e. the maximum value of the inner product Q is given 
by the eigenvalue ... Therefore, the maximum eigenvalue 2. 
is Selected, and the coordinate Values C., C2, Cs, and C. are 
determined from the Selected maximum eigenvalue ... This 
value represents a coordinate value of each Substance pro 
jected onto the coordinate System. 

0067. If all the Substances are projected onto one-dimen 
Sional coordinate System, to find a Substance which is 
Systematically close to one Substance, it is only required to 
Select a Substance which is adjacent to the one Substance 
along the coordinate axis. 

0068. Now, the invention will be described in further 
detail based on an embodiment in which it is applied to a 
client/server System. 

0069. Referring to FIG. 3, there is shown a whole 
arrangement of the database retrieval System according to 
the embodiment, which includes a database server 100, a 
client 200, and a client 200a all connected via a network. 
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0070 The database server 100 contains a plurality of 
databases (DBs) 110, 120, 130 and 140. The databases 
(DBs) 110, 120, 130 and 140 have respective data storage 
tables 111, 121, 131 and 141. The databases 110, 120, 130, 
and 140 are named “DB A,”“DB B,”“DB C,” and 
“DB D,” respectively. 
0071. A database integrating block 150 carries out a 
process for causing the databases to function as if they were 
a single database (DB). That is, the database integrating 
block 150 can retrieve information from the databases (DBs) 
110, 120, 130 and 140 in an integrating fashion by using a 
plurality of database management tables. The database man 
agement tables include an item-table lookup table 151, an 
inter-DB substance lookup table 152, a primary storage table 
153, a Secondary Storage table 154, and a Substance classi 
fication table 155. 

0.072 A database management system (DBMS) 101 
accesses the database (DBs) 110, 120, 130, and 140 accord 
ing to a query in the structured query language (SQL). A 
SQL-generating block 102 generates a SQL command or 
query according to a request by the database integrating 
block 150, etc. 
0073. The client 200 has a user input/output control block 
210 that displays a retrieval condition-designating Screen 
211 or a retrieval result display screen 212 on the display 
device, and analyzes information provided by an input 
device based on the contents of any of the Screens to 
generate a request to the database server 100 based on the 
analyzed information. The retrieval condition-designating 
Screen 211 enables the user to input a query expression or 
retrieval command. The retrieval result display screen 212 
displays results of an integrated retrieval, and is used for 
inputting a command for a Systematic information retrieval 
when the user intends to carry out the Systematic informa 
tion retrieval. The client 200 is also provided with an 
SQL-generating block 201 that generates a SQL command 
or query as required. 

0074 FIG. 4 shows a data storage table 111. The data 
Storage table 111 contains values of physical properties of 
Substances, which are registered therein under respective 
items indicative of the physical properties ("physical prop 
erty A,”“physical property B,” . . . ) in a manner correlated 
to substance IDs in the database DBA. The substance IDs 
of the database DB A are identifiers uniquely assigned to 
the respective Substances, and enables the Substances to be 
discriminated from each other only within the database 
DBA 110. 
0075 FIG. 5 shows the data storage table 121. The data 
Storage table 121 contains values of physical properties of 
Substances, which are registered therein under respective 
items indicative of the physical properties ("physical prop 
erty a,”“physical property b, . . . ) in a manner correlated 
to substance IDs in the database DB B. The substance IDs 
of the database DB B are identifiers uniquely assigned to 
the respective Substances, and enables the Substances to be 
discriminated from each other only within the database 
DB B 120. Thus, the data storage tables of these databases 
are separately organized, and therefore they have different 
Substance IDS assigned to the same Substances. Further, 
physical properties registered are also different from data 
base to database. This is also the case with the other data 
storage tables 131 and 141. 
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0076 FIG. 6 shows an item-table lookup table 151. The 
item-table lookup table 151 contains items representative of 
physical properties of Substances and names of data Storage 
tables Storing values of the physical properties of the Sub 
stances. For instance, assuming that “electric conductivity” 
is entered as the name of an item, names of the databases 
(DBS) storing data of the electric conductivity are registered 
as the names of data Storage tables. 
0077. By using the item-table lookup table 151, from the 
names of items contained in a query expression, databases 
containing information on the items can be Selected whereby 
it is possible to Search these databases alone to retrieve 
information therefrom. 

0078 FIG. 7 shows an inter-DB substance lookup table 
152. In the inter-DB substance lookup table 152, Substance 
IDS assigned to the Substances registered in the databases 
(DBs) are registered and correlated to total identifiers (Total 
IDs) uniquely assigned to the Substances in the databases 
(DBS) in an integrating fashion. This makes it possible to 
know what IDS are assigned to a certain Substance in 
different databases (DBs). 
007.9 FIG. 8 shows a primary storage table 153. In the 
primary Storage table 153, there are registered total identi 
fiers (Total IDs) of substances which are retrieved by search 
ing the databases in an integrating fashion by using a query 
expression input by the user. 

0080 FIG. 9 shows a secondary storage table 154. In the 
Secondary storage table 154, there are registered values of 
physical properties corresponding to the total identifiers 
(Total IDs) registered in the primary storage table 153. 

0081 FIG. 10 shows a substance classification table 155. 
In the Substance classification table 155, items or classes into 
which each Substance designated by a total identifier (Total 
ID) is classified are checked. 
0082 FIG. 11 shows a retrieval condition-designating 
Screen 211. In the upper Space of the retrieval condition 
designating Screen 211, there is provided a viewing Screen 
designating box 211 a which is used in designating a Screen 
for viewing results of a retrieval from a plurality of viewing 
Screens available. In most cases, there is provided a menu of 
Viewing Screens provided for the respective databases 110, 
120, 130 and 140 So as to enable selection of a Suitable 
Screen therefrom. 

0.083 Below the viewing screen-designating box 211a, 
there is provided a query expression-entering area 2.11b. In 
the query expression-entering area 2.11b, an upper limit 
value and a lower limit value can be entered on opposite 
sides of the name of an item (a name of a physical property). 
Further, the logical operand of “NOT” (for retrieving sub 
stances which do not match the conditions defined) can be 
also designated. Further, when designating a plurality of 
conditions, it is designated whether the conditions should be 
joined by a logical AND (logical multiplication) operator or 
by a logical OR (logical Sum) operator. If “AND/OR” is 
designated, a retrieval using a query expression in which the 
conditions are joined by the logical AND operator and a 
retrieval using a query expression in which the conditions 
are joined by the logical OR operator are Simultaneously 
carried out. In the illustrated example, the maximum five 
Search items or retrieval conditions can be entered. 
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0084. At the upper right corner of this screen, there is 
provided a retrieval execution button 211c. By depressing 
the retrieval execution button 211c, the retrieval is carried 
out according to the query expression entered in the query 
expression-entering area 2.11b. 

0085 FIG. 12 shows a retrieval result display screen 212. 
In the retrieval result display screen 212, there is provided 
a retrieval result display area 212a. The retrieval result 
display area 2.12a displayS names of Substances and values 
of physical properties of the displayed Substances. The 
physical properties registered for each Substance in the 
Searched databases are collectively shown in this area 212a. 
From this area, it is possible to designate as to each 
Substance whether or not the Systematic information 
retrieval should be carried out. 

0086 A systematic information retrieval execution but 
ton 212b is a button which is depressed when the systematic 
information retrieval is to be carried out. When this button 
is depressed, Substances which are Systematically close to 
Substances which are checked for the Systematic information 
retrieval are additionally displayed in a retrieval result 
display area 212a. This enables the user to predict missing 
values of physical properties of the retrieved Substances by 
displaying values of the physical properties of Substances 
which are Systematically close to the retrieved Substances, 
for reference. 

0087. A screen selector button 212c is depressed for 
Switching the Screen over to another Screen, e.g. a viewing 
Screen provided for another retrieval function. A message 
button 212d is depressed for displaying messages from the 
database server 100. 

0088. The operation of the database retrieval system 
constructed above will be described hereinafter. 

0089 FIG. 13 is a flowchart illustrating the process steps 
for carrying out the integrated information retrieval process. 
The integrated information retrieval process is started in the 
client 200 when a program therefore is started. 
0090 S1 The user input/output control block 210 of the 
client 200 prompts the user to input retrieval conditions, and 
the database server 100 analyzes the retrieval conditions 
input or received. More Specifically, the user input/output 
control block 210 displays the retrieval condition-designat 
ing Screen 211 on the display device, and the user inputs a 
query expression to the query expression-entering area 2.11b 
from this Screen. Then, the user depresses the retrieval 
execution button 211c. This sends the input query expression 
as the retrieval conditions to the database server 100. The 
database integrating block 150 of the database server 100 
receives and analyzes the retrieval conditions. 
0091 (S2) The database integrating block 150 retrieve 
which databases (hereinafter referred to as “DBs”) contain 
information on items (physical properties) included in the 
retrieval conditions. More specifically, the database integrat 
ing block 150 looks up the item-table lookup table 151 to 
extract names of data Storage tables correlated to the items 
included in the retrieval conditions. 

0092 S3. The database integrating block 150 deter 
mines DBs to be searched. More specifically, the DBs 
Storing the data Storage tables extracted at the Step S2 are 
determined to be the DBs to be searched. 
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0.093 S4. The database integrating block 150 cooperates 
with the SQL-generating block 102 to prepare a query in a 
structured query language (SQL) to be sent to the DBMS 
101. The query is formed such that it contains all patterns 
suitable for the respective DBs to be searched. 
0094 S5. The DBMS 101 executes the query. In this 
case, the information is retrieved according to the query 
from the DBs in their integrated state. The DBMS 101 
returns query results. 
0.095 (S6) The database integrating block 150 deter 
mines whether there is any retrieved information. If there is 
retrieved information, the program proceeds to Step S8, 
whereas if there is no retrieved information, the program 
proceeds to step S7. 
0096 S7 The database integrating block 150 notifies the 
user that the query result does not contain any hit, followed 
by returning to the Step S1. More specifically, the database 
integrating block 150 sends a predetermined message to the 
client 200, and the user input/output control block 210 
displays the message on the Screen of the display device. 
0097 S8. The database integrating block 150 retrieves a 
total identifier (Total ID) of the retrieved substance, and 
stores the identifier (Total ID) in the primary storage table 
153. More specifically, the Substance IDs returned from the 
DBs are converted to total identifiers (Total IDs) by looking 
up the inter-DB substance lookup table 152. Then, the total 
identifiers (Total IDs) thus obtained are stored in the primary 
storage table 153. 
0.098 S9 The database integrating block 150 retrieves 
values of physical properties of the Substances from the 
DBS, and Stores the retrieved values in the Secondary Storage 
table 154. 

0099) S10. The user views the retrieved values of the 
physical properties of the Substances displayed on the 
retrieval result display Screen 212. More specifically, the 
database integrating block 150 Sends contents or values 
stored in the secondary storage table 154 together with the 
names of the Substances represented by the total identifiers 
(Total IDs) to the client 200. The user input/output control 
block 210 opens the retrieval result display screen 212 and 
displays information Sent from the database integrating 
block 150 on the retrieval result display area 212a. The user 
Views the contents of the display. 
0100 S11 The user input/output control block 210 
determines whether or not there are any values of physical 
properties of the Substances which cannot be viewed from 
the present retrieval result display Screen 212. That is, each 
retrieval result display screen 212 is intended only for 
displaying results of the information retrieval from a corre 
sponding one of the DBS, but displaying of physical prop 
erties which are not registered in the corresponding DB is 
excluded out of consideration. Therefore, results of the 
information retrieval can contain values of the physical 
properties which cannot be displayed on the present retrieval 
result display Screen 212. Therefore, if there are any values 
of the physical properties which cannot be displayed on the 
present Screen, the program proceeds to Step S12, whereas if 
all the values of the physical properties are displayed, the 
program proceeds to Step S13. 
0101 S12 The user input/output control block 210 
displays on the display device a message to the effect that the 
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query result contains values of physical properties which 
cannot be displayed on the present retrieval result display 
screen 212. To view the values which cannot be displayed, 
it is required to designate a Suitable viewing Screen for a 
retrieval function adapted to another DB. 
0102) S13) The user determines whether or not the 
Systematic information retrieval function should be 
executed. If the Systematic information retrieval function is 
to be executed, the program proceeds to Step S14, whereas 
if the same is not to be executed, the present program is 
immediately terminated. 

0.103 S14) The database integrating block 150 carries 
out the Systematic information retrieval function. The user 
input/output control block 210 displays results of the sys 
tematic information retrieval on the display device of the 
client 200, followed by terminating the program. 
0104 FIG. 14 is a flowchart illustrating the process steps 
for carrying out the Systematic information retrieval process. 

0105 S21. From the retrieval result display screen 212, 
the user designates Substances for which the Systematic 
information retrieval should be carried out. More specifi 
cally, the check box of a desired one of the Substances 
displayed on the retrieval result display Screen 212 is 
checked for the systematic information retrieval. Then, the 
user depresses the Systematic information retrieval execu 
tion button 212b. In response to the depression, the user 
input/output control block 210 Sends a Systematic informa 
tion retrieval command to the database server 100. 

0106 S22. The database integrating block 150 retrieves 
a total identifier (Total ID) of the Substance designated for 
the Systematic information retrieval by looking up the Sec 
ondary storage table 154. 

0107 S23 The database integrating block 150 cooper 
ates with the SQL-generating block 102 to prepare an SQL 
query. 

0108 IS24. The database integrating block 150 retrieves 
information from the substance classification table 155 by 
passing the SQL query to the DBMS 101. 

0109) IS25 The database integrating block 150 calcu 
lates a degree of Similarity between the designated Substance 
and each of the other Substances. 

0110) IS26. The database integrating block 150 obtains 
Simultaneous equations of an eigenvalue 2 and a value a 
representative of the Similarity in terms of distance calcu 
lated by quantification of the Similarity by applying the 
method of Lagrange's multipliers thereto. 

0111 S27 The database integrating block 150 expresses 
the Simultaneous equations obtained at the Step S26 in a 
matrix, whereby the eigenvalue 2 is determined. 

0112 S28. The database integrating block 150 deter 
mines values ai corresponding to the Substances projected 
onto the coordinate axis from the maximum value of the 
eigenvalue 2 and the Simultaneous equations obtained at the 
step S26. 

0113 (S29. The database integrating block 150 stores the 
total identifier (Total ID) of a substance which has a value 
close to the value of the designated Substance (closest or 
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within a predetermined threshold value) among the values 
Cion the coordinate axis, in the primary Storage table 153. 
0114 S30. The database integrating block 150 detects 
values of physical properties of the substance from the DBs 
by using the total identifier (Total ID) of the Substance stored 
in the primary storage table 153, and stores the retrieved 
values in the secondary storage table 154. 
0115 S31 The database integrating block 150 displays 
contents of the secondary storage table 154 together with the 
name of each substance represented by its Total ID to the 
client 200. The user input/output control block 210 addi 
tionally displays information received from the database 
integrating block 150 on the retrieval result display area 
212a of the retrieval result display screen 212. 
0116. Thus the integrated retrieval and the systematic 
information retrieval are carried out. This gives the follow 
ing advantageous effects: 

0117 The integration of DBs is advantageous in that 
it becomes possible to retrieve information of Sub 
stances which cannot be retrieved by Searches Sepa 
rately carried out on the respective DBs. 

0118 FIG. 15 is a diagram which is useful in explaining 
the advantageous effects obtained by integrated retrieval of 
the DBs. In the illustrated example, the data storage table 
111 of the database “DB A,” the data storage table 121 of 
the database “DB B,” and the data storage table 131 of the 
database "DBC are integrated into a data storage table 
103. In the data Storage table 103 obtained by integrating the 
DBS, Values of physical properties of Substances registered 
in the DBS are organized as data in a Single or integrated 
database. However, even if the data storage table 103 is not 
actually prepared within the database Server, the integrated 
information retrieval from the DBS carried out in an DB 
integrating fashion provides the same results as obtained 
when the information retrieval is carried out using the data 
storage table 103. 
0119 Let it be assumed that the retrieval is carried out 
using a query expression of "3-electric conductivity.<6 
AND/OR 4<refractive index<8.” When this query expres 
Sion is used in executing the information retrieval from DBS 
individually or separately, the database “DBA” gives 
results of “AND: 0 hit, OR: {B,C}.” Similarly, the database 
“DB B” gives results of “AND: 0 hit, OR: C, D,” and the 
database “DB C” gives results of “AND: 0 hit, OR: {A, B, 
D}.” 
0120. On the other hand, when the information retrieval 
using the same query expression is carried out using the data 
storage table 103 obtained by the integration of the DBs, 
results of “AND: {C}, OR: {A, B, C, D are obtained. That 
is, a result “AND: {C} which could not be obtained by the 
Separate or individual retrievals is additionally obtained. 
0121 Now, the advantageous effects of the integration of 
the DBs will be described using the names of specific 
Substances. 

0.122 FIG. 16 shows an example of results of retrievals 
Separately carried out on the respective DBS. In the illus 
trated example, the data Storage table 111a of the database 
“DB A,” the data storage table 112a of the database 
“DB B,” and the data storage table 113a of the database 
“DB C” contain values of physical properties of various 
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Substances, Such as "polyethylene terephthalate, 
mide 6,”“polybutylene terephthalate," 
"methacrylate resin,” etc. 

polya 
polypropylene, 

0123 The data storage table 111a contains values of 
physical properties of “specific gravity (Small),”“tensile 
rupture (Small),”“bending strength (Small)' and “bending 
modulus (Small)” registered therein. 
0.124. The data storage table 112a contains values of 
physical properties of “specific gravity (Small),”“tensile 
rupture (small),”“Izod impact strength (small).”“deflection 
temperature under load 18 k (large”) and “electric linkage 
temperature' registered therein. 
0.125 The data storage table 113a contains values of 
physical properties of “specific gravity (Small),”“tensile 
rupture (Small),”“tensile rupture (large),”“breaking exten 
Sion (Small)' and “breaking extension (large).” 
0.126 Now, let it be assumed that the retrieval is carried 
out by the retrieval conditions of “1.2<specific gravity 
(small)<1.7 AND/OR 950<tensile rupture (small)<1300.” If 
this information retrieval is carried out on the DBs sepa 
rately, the database “DB A' gives results of “AND: 0 hit, 
OR: 1 hit polyamide 6}.” Similarly, the database “DBB" 
gives results of “AND: 0 hit, OR: 1 hit{polybutylene tereph 
thalate,” and the database “DB C” gives results of “AND: 
0 hit, OR: 2 hits polyamide 6, polybutylene terephtha 
late.” 
0127 Such a retrieval cannot retrieve information of 
substances fulfilling the logical AND of the above retrieval 
conditions. Therefore, the following retrieval is carried out 
by integrating the DBS. 
0128 FIG. 17 shows an example of the information 
retrieval carried out by integrating the databases (DBS) 
Storing data of physical properties of Substances. In the data 
storage table 103a obtained by integrating the DBs, values 
of physical properties in the DBs are organized as data in a 
Single database. Now, let it be assumed that the data Storage 
table 103a is searched using the retrieval conditions as 
shown in FIG. 16. This search gives results of “AND: 2 hits 
{polyamide 6, polybutylene terephthalate, OR: 2 hits 
{polyamide 6, polybutylene terephthalate.” 
0129. Thus, by integrating the DBs, information of the 
two substances fulfilling the logical AND of the above 
retrieval conditions can be retrieved. 

0.130. It should be noted that in the present embodiment, 
when the integrated retrieval is carried out, only the data 
bases containing items designated in the retrieval conditions 
are Searched. Therefore, the integrated information retrieval 
process can be efficiently carried out. 
0131 The merit of the systematic information retrieval is 
that when a Substance has an missing value (null value) of 
a physical property, reference can be made to a value of 
another Substance Similar in physical properties. 
0132 FIG. 18 is a first diagram which is useful in 
explaining the advantage of the Systematic information 
retrieval. In the figure, there are shown Sets of information 
generated at respective proceSS Steps by the present System. 

0133) S101) As shown in the table, there are a lot of 
missing values in the integrated databases (DBS). However, 
the user cannot directly recognize the omission of these data. 
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Therefore, the user cannot prepare a query expression which 
can overcome the inconvenience of omission of the data. So, 
now, let it be assumed that the user enters a query expression 
of “4<permittivity.<12,” and the information retrieval is 
carried out in response thereto. 
0134) S102 Results of the information retrieval are 
displayed on the Screen of the display device of the client 
200. In the illustrated example, information of values of 
physical properties of the Substances D, E and Z is obtained. 
However, even if the user desires to compare these Sub 
stances fulfilling the above retrieval condition in respect of 
permittivity, the value of permittivity of the substance D is 
missing. Therefore, the Systematic information retrieval is 
carried out for the Substance D. 

0135) S103) When a command for the systematic infor 
mation retrieval is delivered, the database integrating block 
150 projects Substances in the order of Systematic closeneSS 
therebetween onto a one-dimensional coordinate System, 
whereby a substance B is found which is systematically 
closest to the Substance D. 

0.136 S104 Results of the systematic information 
retrieval are added to the results of the integrated informa 
tion retrieval, and displayed on the Screen of the display 
device of the client 200. By viewing the displayed results of 
the information retrieval, it is possible to predict the per 
mittivity of the substance D from the value of permittivity of 
the Substance B. That is, Since these two Substances are 
Systematically close to each other, it can be assumed that 
they have similar values of physical properties. 
0.137 It should be noted that although in the above 
embodiment, only the Systematically closest Substance is 
extracted or retrieved, in Some cases, the Substance which is 
newly extracted by the Systematic information retrieval does 
not have a value of the desired physical property, either. To 
eliminate the inconvenience, the Systematic information 
retrieval can be carried out by designating required physical 
properties of which values are necessitated. 
0138 FIG. 19 is a second diagram which is useful in 
explaining the advantage of the Systematic information 
retrieval. In the figure, there are shown Sets of information 
retrieved at respective proceSS Steps when the physical 
properties of which values are necessitated are designated in 
advance. 

0139) S111. In the illustrated example, the DBs inte 
grated are Searched by using a query expression of "3<elec 
tric conductivity.<6 OR 4<refractive index<5 OR 3<perme 
ability.<8.” 
0140 S112 AS results of the integrated information 
retrieval, information of values of physical properties of the 
Substances B and C is retrieved. However, even if the user 
desires to compare the retrieved Substances in respect of the 
permittivity and refractive indeX, Values of the permittivity 
and refractive indeX are missing in the retrieved information 
concerning the Substances B and C. Therefore, the System 
atic information retrieval is carried out for the Substances B 
and C. In doing this, a condition of “the value of permittivity 
and that of refractive indeX are not null' is joined to a query 
expression or command of the Systematic information 
retrieval by the logical AND. 
0141 S113 In response to the command of the system 
atic information retrieval, the database integrating block 150 
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projects the Substances in the order of Systematic closeneSS 
therebetween onto the one-dimensional coordinate System, 
whereby among the Substances having a value of permittiv 
ity and a value of refractive index, Substances J and M are 
found as closest to the Substances B and C, respectively. 
0.142 IS114) Results of the systematic information 
retrieval are added to the results of the integrated informa 
tion retrieval and displayed on the Screen of the display 
device of the client 200. From the displayed results of the 
retrievals, the values of permittivity and refractive index of 
the Substances B and C can be predicted from those of the 
Substances J and M. 

0143. It should be noted that although in the illustrated 
example, information of only one Substance which is Sys 
tematically closest to a Substance having missing data is 
retrieved, this is not limitative, but the System may be 
configured Such that the user can Set a threshold value as 
desired to thereby retrieve information of all the substances 
having physical property values falling within the threshold 
value. One example will be given in the following: 
014.4 FIG. 20 is a third diagram which is useful in 
explaining the advantage of the Systematic information 
retrieval. In the figure, there are shown Sets of information 
retrieved or generated at respective process Steps carried out 
by the system. 

0145 S121. In the illustrated example, the DBs inte 
grated are Searched by using a query expression of "3<per 
mittivity <6 OR 4<refractive index<5 OR 3<permeabil 
ity<8.” 

0146 S122. In the illustrated example, information of 
values of physical properties of the Substances B and C is 
retrieved. Even if the user desires to know values of per 
mittivity and refractive index of the Substance C matching 
the above query expression, values of the permittivity and 
refractive indeX are missing in the retrieved data of the 
Substance C. Therefore, the Systematic information retrieval 
is carried out for the Substance C. In doing this, a certain 
threshold value for determining required Systematic close 
neSS is added to a query expression or command thereof. 
0147 S123. In response to the command of the system 
atic information retrieval, the database integrating block 150 
projects the Substances in the order of Systematic closeneSS 
therebetween onto the one-dimensional coordinate System, 
whereby substances J and Q are found which are within the 
threshold values of closeness from the Substance C. 

0.148 S124 Results of the systematic information 
retrieval are added to the results of the integrated informa 
tion retrieval and displayed on the Screen of the display 
device of the client 200. From the displayed results of the 
retrievals, the values of permittivity and refractive index of 
the substance C can be predicted from the values of these 
physical properties of the Substances J and Q. In this case, 
values of predetermined physical properties of one Sub 
stance can be predicted using values of the physical prop 
erties of a plurality of Substances which are Systematically 
close to the one Substance, So that the difference between the 
expected value and the actual value of each required physi 
cal property can be minimized. 
014.9 The above processing functions can be imple 
mented by a computer. In Such a case, details of the process 
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which the database retrieval System is required to execute 
are written in a program recorded in a computer-readable 
Storage medium. By executing the program, the computer 
realizes the processes described heretofore. The computer 
readable Storage medium includes a magnetic recording 
device, a Semiconductor memory, etc. The program may be 
made available on the market by distributing portable 
recording media Storing the program, Such as CD-ROMS 
(Compact Disk Read Only Memories) and floppy disks, or 
by Storing the program in a Storage device of a computer 
connected to a network, and permitting the program to be 
transferred to other computers via the network. To execute 
the program by the computer, the program is Stored in a hard 
disk drive or the like of the computer, and loaded into a main 
memory for execution. 
0150. As described above, in the database retrieval sys 
tem according to the first aspect of the invention, data Stored 
in a plurality of databases are integrated and an information 
retrieval is carried out using the integrated data. Therefore, 
it is possible to retrieve information from a plurality of 
databases by a similar procedure to the one taken when the 
information retrieval is carried out for a Single database, 
which simplifies the retrieval operation. Further, since the 
information retrieval is carried out on the integrated data or 
information, it is possible to retrieve records which are left 
out of the retrieval when the information retrieval is carried 
out individually or separately. 
0151. Further, in the database retrieval system according 
to the Second aspect of the invention, information is 
retrieved from other records which are systematically close 
to a designated record, So that when any of the retrieved 
records has missing data, the missing data can be predicted 
from the retrieved information of other records systemati 
cally close thereto. 
0152. Further the computer-readable storage medium 
according to the third aspect of the invention Stores a 
program that integrates data of a plurality of databases and 
carries out information retrieval using the integrated data. 
Therefore, when the program is executed by a computer, the 
function of integrated information retrieval from a plurality 
of databases with Simple operations can be realized on the 
computer. 

0153. Further, the computer-readable storage medium 
according to the fourth aspect of the invention Stores a 
program that carries out information retrieval from other 
records which are Systematically close to a designated 
record. Therefore, when the program is executed by a 
computer, if a retrieved record has missing data, data Suit 
able for referrence in predicting the missing data can be 
displayed on the Screen of the computer. 
0154) The foregoing is considered as illustrative only of 
the principles of the present invention. Further, Since numer 
ous modifications and changes will readily occur to those 
skilled in the art, it is not desired to limit the invention to the 
exact construction and applications shown and described, 
and accordingly, all Suitable modifications and equivalents 
may be regarded as falling within the Scope of the invention 
in the appended claims and their equivalents. 

What is claimed is: 
1. A database retrieval System for carrying out informa 

tion retrieval from a plurality of databases, comprising 
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integrated information retrieval means responsive to 
retrieval conditions input, for integrating data separately 
added to identical records in a plurality of databases and 
retrieving records matching Said retrieval conditions based 
on integrated information of Said data. 

2. A database retrieval System according to claim 1, 
wherein Said integrated information retrieval means inte 
grates values of physical properties Separately added to 
identical Substances in Said databases when retrieval condi 
tions defining values of physical properties of Substances are 
input, and retrieves Substances matching Said retrieval con 
ditions based on integrated information of Said values of Said 
physical properties. 

3. A database retrieval System according to claim 1, 
further including target database-extracting means for 
extracting databases containing data as narrowing condi 
tions, Said integrated information retrieval means integrating 
data in Said extracted databases and retrieving records from 
Said extracted databases. 

4. A database retrieval System according to claim 1, 
further including Systematic information retrieval means 
responsive to a Systematic information retrieval command in 
which a particular record is designated, for retrieving, from 
Said databases, other records Systematically close to Said 
designated particular record. 

5. A database retrieval System according to claim 4, 
further including a display device having a Screen, and 
retrieval result display means for displaying data of records 
retrieved by Said integrated information retrieval means on 
Said Screen of Said display device, as well as receiving an 
input for Selecting a record to be searched by a Systematic 
information retrieval, from Said records Said data of which 
are displayed on Said Screen, and 

wherein Said Systematic information retrieval means 
retrieves another record which is Systematically close 
to Said record Selected via Said retrieval result display 
CS. 

6. A database retrieval System according to claim 4, 
wherein Said Systematic information retrieval means deter 
mines degrees of Similarity between individual records, and 
converts Said degrees of Similarity to degrees of closeness on 
a one-dimensional coordinate System to thereby determine 
that as a record is closer to another record on Said one 
dimensional coordinate System, Said record is Systematically 
closer to Said another record. 

7. A database retrieval System according to claim 5, 
wherein when Said databases Store information of values of 
physical properties of Substances, Said Systematic informa 
tion retrieval means classifies Said Substances according to 
various criteria, and determines that Substances belonging to 
identical classes more often are more similar to each other. 

8. A database retrieval System according to claim 4, 
wherein Said Systematic information retrieval means 
retrieves all other records which are Systematically closer to 
Said designated particular record with respect to a threshold 
value designated in advance. 

9. A database retrieval System according to claim 4, 
wherein Said Systematic information retrieval means is 
responsive to Said Systematic information retrieval com 
mand in which an essential data is designated, for retrieving 
other records which have Said essential data and are Sys 
tematically close to Said designated record. 

10. A database retrieval System for carrying out informa 
tion retrieval from a database, comprising: 
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Systematic information retrieval means responsive to a 
Systematic information retrieval command in which a 
particular record is designated, for retrieving, from Said 
database, other records Systematically close to Said 
designated particular record. 

11. A database retrieval System according to claim 10, 
wherein Said Systematic information retrieval means deter 
mines degrees of Similarity between individual records, and 
converts Said degrees of Similarity to degrees of closeness on 
a one-dimensional coordinate System to thereby determine 
that as a record is closer to another record on Said one 
dimensional coordinate System, Said record is Systematically 
closer to Said another record. 

12. A database retrieval System according to claim 11, 
wherein when Said database Stores information of values of 
physical properties of Substances, Said Systematic informa 
tion retrieval means classifies Said Substances according to 
various criteria, and determines that Substances more often 
belonging to identical classes are more Similar to each other. 

13. A database retrieval System according to claim 10, 
wherein Said Systematic information retrieval means 
retrieves all other records which are Systematically closer to 
Said designated particular record with respect to a threshold 
value designated in advance. 
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14. A database retrieval System according to claim 10, 
wherein Said Systematic information retrieval means is 
responsive to Said Systematic information retrieval com 
mand in which an essential data is designated, for retrieving 
other records which have Said essential data and are Sys 
tematically close to Said designated record. 

15. A computer-readable Storage medium Storing a pro 
gram for retrieving information from a plurality of data 
bases, Said program controlling a computer to function as 
integrated information retrieval means responsive to 
retrieval conditions input, for integrating data separately 
added to identical records in a plurality of databases and 
retrieving records matching Said retrieval conditions based 
on integrated information of Said data. 

16. A computer-readable Storage medium Storing a pro 
gram for retrieving information from a database, Said pro 
gram controlling a computer to function as Systematic 
information retrieval means responsive to a Systematic infor 
mation retrieval command in which a particular record is 
designated, for retrieving, from Said database, other records 
Systematically close to Said designated particular record. 


